Energy crisis have become a global issue. Africa is one of the great contributors of agricultural produce, however no efficient way is established to covert the agricultural residues to useful products. Therefore, this study was to ascertain the combining effect of the agricultural residues on the yield and quality of bio oil produced. Biomass from cassava peel, rice husk and corn stalk were obtained and prepared. The sulphur and fixed carbon contents of the biomass were less making them more environmentally friendly. Biomass (i.e. cassava peel, rice husk, and corn stalk) were mixed in different concentrations of 1:1:1, 2:1:1, 1:2:1, and 1:1:2 respectively and subjected to fast pyrolysis using a fixed bed reactor. The biomass concentration which gave the highest yield of bio-oil was 2:1:1 with a yield of 55.63 %. This yield was reached at a temperature of 525 o C. However, the physicochemical properties of the high yielding bio-oil fairly satisfied the ASTM D7544 standards. Further improvement on the bio-oil will enhance its usefulness as a suitable alternative to diesel.
Introduction
Global energy crisis surfaced since the 1970s due to the heightened demand which resulted in decreasing levels of petroleum resources in the producing countries. Historically, coal was the only source of fossil fuel until 1860s where crude oil became an alternative source. Subsequently, the consumption of natural gas began in the late 1880 -1990s. In recent times, crude oil is the largest energy source, representing about 39 percent of fossil energy, followed by coal and natural gas at 33 and 28 percent respectively [1] . Currently, a considerable focus has be shifted to the development of a third generation fuel through the use of biomass as sources for the production of fuels. Biomass sources are considered as a logical alternative for fossil fuels due to its capability of maintaining the net atmospheric CO2 levels [2] . Fuel potential producing biomass include woods, agricultural residues, organic wastes, and aquatic plants [3] [4] [5] [6] . The conversion of biomass to bio oil can be carried out by several processes with recourse to the type and features of biomass and the type and quantity of energy required. With the aim of producing liquid fuels such as bio oil, current conversion technologies include pyrolysis and hydrothermal liquefaction. Pyrolysis involves the application of heat to decompose organic compounds in the absence of oxygen. Hydrothermal liquefaction entails the use of high pressure and temperature to maintain water in either liquid or supercritical state [7] . Interestingly, the product of pyrolysis include bio-oil, char, and fuel gas whereas that of hydrothermal liquefaction include bio-oil, fuels and chemicals [8] . Therefore, these two processes produce the same primary product. However, pyrolysis is efficient with dry biomass whereas hydrothermal liquefaction is appropriate for wet biomass.
Africa is one of the great contributors of agricultural produce, however no efficient way is established to covert the agricultural residues to useful products. The continent is characterised with abundance of filth from accumulated wastes from agricultural produce. Therefore, the production of bio oil on this continent is possible due to the availability of biomass. However, Bio oil is cleaner environmental friendly since plant biomass emits insignificant amounts of SOx as compared to fossil fuels [9] . Contrarily, bio oil is deficient in areas such as high viscosity, high corrosiveness, instability, and low heating value. Several studies have been carried out on the use of agricultural waste such as cassava peels, rice husk, and corn stalk. But this study is focused on producing bio-oil from the combination of cassava peels, rice husk, and corn stalk. Therefore, this study was to ascertain the combining effect of the agricultural residues on the yield and quality of bio oil produced.
Methodology

Biomass Preparation and Proximate Analysis
Cassava peels, rice husk, and corn stalk were collected from cassava starch factory, rice farm and maize farm respectively in Kumasi, Ghana. Subsequently, the biomass were washed to get rid of dirt and dried in an oven for 24 h at 110 o C to reduce the moisture content [10] to less than 15%. One Kilogram each of the dried cassava peels, rice husk and corn stalk were grinded separately using a Bauer Mill. The grinded particles were screened using an 80/100 mesh to obtain particle sizes of about 150 -180 m.
A Perkin-Elmer 2400 CHNS/O elemental-analyser was used to analyse the chemical (i.e. lignin, cellulose, hemi-cellulose) and elemental composition (i.e. carbon, hydrogen, nitrogen, sulphur, and oxygen) of the grinded biomass. Moreover, the proximate analysis (i.e. volatile matter, ash, and moisture) of the biomass (i.e. cassava peel, rice husk, and corn stalk) were carried out. The fixed carbon contents of the biomass were calculated by deducting the total percentage of volatile matter, ash, and moisture from 100%.
Conversion of Biomass to Bio-oil
During the conversion of biomass to bio-oil, a thermochemical process was chosen since it is relatively simple, usually requiring only one reactor, thus having a low capital cost. However, this process is non-selective, producing a wide range of products including a large amount of char [11] . A fixed bed reactor was used in carrying out the pyrolysis of the biomass. Equal amounts of 100 g (i.e 1:1:1) of biomass of cassava peel, rice husk and corn stalk were put into the fixed bed reactor. In maintaining the inert condition, nitrogen at a flow rate 3 L/min was introduced to the reactor. Subsequently, the reactor was preliminarily subjected to heat at 25 o C/min and later risen to the working temperature range (400-600 o C) with a shorter gas residence time (∼2s). Rapidly, the reactor was cooled to room temperature to truncate further reactions. Gaseous and vaporized products were transferred through a condenser to convert condensable volatiles to liquid. The liquid was collected with a beaker while a cotton wool filter was used to collect low partial pressure hydrocarbons.
Procedure was repeated using varying amounts of biomass (i.e. cassava peels, rice husk and corn stalk) thus 2:1:1; 1:2:1; and 1:1:2 respectively and heated at the working temperature (400 -600 o C). Yield of bio-oil and bio-char were measured using an analytical balance.
The yield of bio-oil and bio char were determined using this formula:
Yield of bio-oil = (
Mass of liquid
Mass of biomass
and
Yield of bio-char = (
Mass of solid
Mass of biomass ) x 100% .
Characterisation of Bio-oil
Both high and low yield bio-oil were further analysed to identify the physical and chemical properties of the bio-oil produced from the biomass. The physical and chemical properties were analysed by complying to the American Society for Testing and Material (ASTM) test methods: density (ASTM 4052), pH (ASTM E70), kinematic viscosity (ASTM D445), pyrolysis solids content (ASTM D7579), water content (ASTM E203), sulfur content (ASTM D4294), ash content (ASTM D482), pour point (ASTM D97), and flash point (ASTM D93).
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Results and Discussions
Components of Biomass
The chemical and elemental compositions of the biomass were ascertained and result is shown in Table 1 . Moreover, a proximate analysis of the biomass was carried out and result is shown in Table 2 . Table 1 clearly shows that the various biomass had high amounts of cellulose; indicating that they contain much fibers which are essential substrate for bio-oil production. Generally, biomass contains 35%-50% cellulose and 20%-35% hemicellulose, and 10%-30% lignin [12] . 5-7 Cellulose and hemicellulose can be converted to sugar monomers by hydrolysis process, which can be further fermented to ethanol.
Cassava peel and corn stalk had high amounts of carbon with the exception of rice husk which had relatively low carbon content. However, the sulphur contents of the various biomass were approximately less than 1% which indicates that the bio-oils produced are free from environmental contaminants. Table 2 expresses that the fixed carbon content for the biomass were below 20%. This indicated that less solid combustible residue was retained subsequent to the heating and expel of the volatiles. Results were similar to that produced by Mullen et al. [12] . The ash contents were below 10%, signifying lesser amounts of inorganic components in the biomass.
Yield of Products from Pyrolysis
The bio-oil yield of the various biomass (thus cassava peel, rice husk, and corn stalk) concentrations (i.e 1:1:1, 2:1:1, 1:2:1, and 1:1:2) respectively were ascertained. Fig. 1 shows the yields of bio-oil from the various biomass concentrations.
Figure 1. Yield of Bio-oil from Different Biomass Concentrations
The highest bio-oil yield of 55.63 % was obtained at 525 o C for the substrate combination of 2:1:1. However, the lowest oil yield of 11.27 % was obtained at 400 o C for the substrate concentration of 1:2:1. It became obvious that the temperature for maximum bio-oil yield for all various biomass concentrations was 525 o C. The bio-oil yield for all biomass across the various temperature range formed a parabolic shape. It can be deduced that extremely low (400 o C) or high (600 o C) temperature will result in lower yields of bio-oil produced. A previous study conducted by Ki et al. [10] on biooil production from cassava peel showed similar bio-oil yield of 51.2 % at 525 o C, however a slow pyrolysis was used. Thermal degradation of hemicellulose and cellulose took place within the temperatures of 200 and 350 o C whereas lignin was decomposed at higher temperatures, usually within 280 and 500 o C [14] .
Characterisation of Bio-oil
The overall bio-oil high yielding biomass concentration was 2:1:1 while the overall low yielding biomass concentration. Table 3 shows the characteristics of the bio-oils produced. According to Volli and Singh [15] , physicochemical properties such as viscosity, density, and flash point of bio-oil are essential characteristics for combustion purpose in boiler, furnace, gas turbines, and engines. The flash point of high yielding bio-oil was 1.69-fold higher than that of ASTM prerequisite (76 o C vs. 45 o C), signifying harmless handling and storage of the bio-oil in a thermostable environment. However, the direct use of the high yielding bio-oil for combustion purpose in the conventional diesel engines is fairly recommended since it contains less contaminants with high viscosity of ca. 10.21 cSt than commercial diesel fuels of ca. 1.3-5.5 cSt (ASTM D975). With further purifications, the bio-oil will be free from contaminants, making it more useful and safer for vehicular consumption. Contrarily, low yielding bio-oil is highly not recommended due to the high viscosity of 29.35. High viscosity is known to influence poor atomization and an incomplete combustion of the fuel as well as the formation of excessive carbon deposits on the injection nozzles and the combustion chamber [15] .
Nevertheless, the sulphur content of the bio-oils were < 1%; indicating that the bio-oils produced were environmentally friendly. The relatively high amount of water in the bio-oils have the possibility of increasing the oxygen content of the bio-oils. This has the capacity of affecting the chemical and thermal stability, corrosivity, and immiscibility with hydrocarbon fuels. Therefore, several methods such as catalytic hydrotreatment can be adopted to reduce the oxygen content [16] , supercritical water treatment (SCW) to raise the heating value [17] , or esterification-distillation for eliminating large amount of water from the bio-oil [18] .
Conclusion
The biomass concentration which gave the highest yield of bio-oil was 2:1:1 with a yield of 55.63 %. This yield was reached at a temperature of 525 o C. Contrarily, the biomass concentration with the lowest yield of bio-oil was 1:1:1 with a yield of 11.27 % at 400 o C. However, the physicochemical properties of the high yielding bio-oil fairly satisfied the ASTM D7544 standards. But further improvement on the bio-oil will enhance its usefulness as a suitable alternative to diesel.
